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A MONITORING SYSTEM FOR SYNOPTIC OBSERVATIONS OF 
JOVIAN AND SOLAR DECAMETER-WAVE RADIO EMISSIONS 

J. K. Alexander 

ABSTRACT 

T h i s  r e p o r t  d e s c r i b e s  a simple decameter-wave monitor ing 
s y s t e m  designed t o  provide synop t i c  obse rva t ions  of t h e  spo rad ic  
r a d i o  emission from J u p i t e r .  The network is composed of f i v e  
s t a t i o n s  l o c a t e d  around t h e  wor ld  so as  t o  provide cont inuous  
coverage of J u p i t e r  wi th  i d e n t i c a l  i n s t rumen t s .  A p a i r  of t w o -  
element lobe-sweeping i n t e r f e r o m e t e r s  o p e r a t i n g  a t  1 6 , 7  and 
22.2 MtIz comprise each s t a t i o n .  To i l l u s t r a t e  the performance 
of t h e  s y s t e m ,  r e s u l t s  of obse rva t ions  a t  t h e  Goddard Space 
F l i g h t  Center  s i t e  dur ing  t h e  1965 a p p a r i t i o n  of J u p i t e r  are 
p resen ted .  



INTRODUCTION 

Due t o  t h e  s p o r a d i c  n a t u r e  of t h e  decameter-wave radio 
emission from J u p i t e r ,  most s t u d i e s  of t h e  p r o p e r t i e s  of t h e  

emission have r e q u i r e d  obse rva t ions  ob ta ined  over  long pe r iods  
of t i m e  i n  o r d e r  t o  be s t a t i s t i c a l l y  adequate .  The problem 
is f u r t h e r  complicated s i n c e  a major p o r t i o n  of t h e  o b s e r v a t o r i e s  
s tudying  J u p i t e r  have been c l u s t e r e d  nea r  a s i n g l e  long i tude  
reg ion  on t h e  e a r t h .  Hence, much of t h e  data a v a i l a b l e  for 
s tudy  are conf ined  t o  a l i m i t e d  number of hours  e v e r y  twenty- 
four hours.  To perform s t a t i s t i c a l  s t u d i e s  of t h e  emission 
p r o p e r t i e s ,  such as c o r r e l a t i o n  w i t h  t h e  p e r i o d s  of J u p i t e r ' s  
moons or with  solar a c t i v i t y ,  cont inuous o b s e r v a t i c n s  are needed. 
Simultaneous obse rva t ions  w i t h  i d e n t i c a l ,  w i d e l y  spaced in- 
s t ruments  are r e q u i r e d ,  for example, t o  s tudy  t h e  t i m e  s t r u c t u r e  
of t h e  r a d i o  b u r s t s  and t o  sort ionospher ic  s c i n t i l l a t i o n s  from 
s c i n t i l l a t i o n s  which may be caused by t h e  ionosphere of J u p i t e r  
and t h e  i n t e r p l a n e t a r y  medium. T h i s  r e p o r t  describes a network 
of s imple s t a t i o n s  which w a s  designed wi th  a v i e w  toward meeting 
t h e s e  needs.  

The J u p i t e r  Monitor Network provides  cont inuous ,  homogeneous 

o b s e r v a t i o n s  of J u p i t e r  a t  16 .7  and 22.2 MBz wi th  reasonable  sen-  I / i z  
s i t i v i t y .  By o p e r a t i n g  each s t a t i o n  24 hours  a d a y ,  t h e  network 
can a l so  be used p r o f i t a b l y  t o  observe so l a r  r a d i o  b u r s t s  a t  
decametr ic  wavelengths and t o  s tudy ionospher ic  absorptiqln and 
s c i n t i l l a t i o n s .  The l o c a t i o n s  of t h e  f i v e  sites which comprise 
t h e  network are l i s t e d  i n  Table  1. 

S t a t  i on  Longitude L a t i t u d e  

Goddard Space F l i g h t  Center  76O50 W 3 9 O O l  ' N  

C l a r k  Lake Radio Observatory 116O17 W 33O2OV W 

Kauai, H a w a i i  159O40 ' W 22O07 ' M 
Carnarvon,  A u s t r a l i a  113O43' E 24O53 S 

Grand Canary I s l a n d ,  Spain 15O36 ' W 27O44 ' X 

J 

TABLE 1. STATION LOCATIONS 
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a t  YASA s i tes  and u t i l i z e  es tabl ished NASA t e c h n i c a l  and l o g i s t i c  
suppor t  f ac i l i t i e s .  

SYSTEM DESCRIPTION 

Each s t a t i o n  c o n s i s t s  of a p a i r  of antennas  ( t h e  an tennas  f o r  
16.7 and 22.2 MHz are five-element Yagis mounted on t h e  same boom 
and d r i v e )  s epa ra t ed  by a 2000-ft .  east-west b a s e l i n e .  A s  

i l l u s t r a t e d  i n  F igure  1, t h e  an tennas  are mcunted e q u a t o r i a l l y  
on 35-f t .  guyed te lephone p o l e s  w i t h  motorized hour ang le  d r i v e  
systems. Since  t h e  d e c l i n a t i o n  of J u p i t e r  changes very s lowly ,  
decl m a t i o n  adjustments  are made manually every f e w  m c a t h s .  

computer. T h i s  device  causes  t h e  an tennas  t o  s l e w  east  to p ick  
u p  J u p i t e r  when it a t t a i n s  a n  hour ang le  of -6 hour s ,  t r a c k i n g  
,Jupi ter  for  twelve hours  thereafter.  Then it moves t h e  an tennas  
to t h e  p o s i t i o n  of t h e  sun and tracks t h e  sun ,  provid ing  t h e  hour 
a n g l e  of t h e  sun is between -6 hours  and +6 hours .  If n e i t h e r  
J u p i t e r  n o r  t h e  sun is a v a i l a b l e ,  t h e  an tennas  s l e w  t O  t h e  

Antenna po in t ing  is c o n t r o l l e d  by a s imple electro-mechanical  

~ 

' meridian and remain f i x e d .  
A s  shown i n  t h e  block diagram i n  F igu re  2, t h e  rad iometer  

s y s t e m s  ope ra t e  i n  a t ime-sharing mode i n  which t h e y  act  as lobe- 
sweeping radiometers  f o r  75% of each basic 1/20 second cycle ,  

For t h e  remaining t i m e ,  swi tch ing  c i r c u i t s  connect t h e  receiver 
t o  act as a r iometer  on f irst  one antenna and t h e n  t h e  o the r .  
In t h e  riometer mode, t h e  e f f e c t i v e  tempera ture  of a n o i s e  g e n e r a t o r  
i s  c o n t r o l l e d  t o  be equal  t o  t h e  e f f e c t i v e  temperature of t h e  

antenna. a t  t h e  receiver inpu t  t e r m i n a l s  by a s w i t c h  and phase 

s e n s i t i v e  detector s y s t e m .  The r iome te r  f o r  each antenna  is  i n  
o p e r a t i o n  fo r  1/4 of t h e  t i m e .  The an tenna  s w i t c h  is  t ransferred 
from t h e  antenna t o  t h e  no i se  g e n e r a t o r  1/8 of t h e  t i m e ,  l eav ing  
3/4 of t h e  time w i t h  bo th  an tennas  connected p e r m i t t i n g  opera t ion  
i n  t h e  lobe-sweeping radiometer mode. 



Figure 1 - Dual-frequency, equatorially mounted, Jupiter Monitor 
Network antenna. 
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Figure 2 - Block diagram of J u p i t e r  Monitor radiometer system. 
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In  t h e  lobe-sweeping radiometer, s i g n a l s  from each antenna 
are i n d i v i d u a l l y  pre-amplif ied and mixed w i t h  s i g n a l s  f r o m  in-  
d i v i d u a l  local osc i l la tors  a t  f r equenc ie s  which d i f f e r  by a s m a l l  
amount, P f .  (The d i f f e r e n c e  frequency,  A f ,  is nominally P kHz.) 

The mixer o u t p u t s  are then  added, a m p l i f i e d ,  and squared by 

square-law d e t e c t i o n .  DC, n o i s e ,  and an audio-frequency eom- 
ponent a t  t h e  d i f f e r e n c e  frequency r e s u l t .  The ampli tude of the 
audio  component is d e t e c t e d  and recorded as " f r i n g e  amplitude". 
The audio  component is a l s o  compared t o  t h e  phase diffeicills,e 

between t h e  t w o  local o sc i l l a to r s  i n  a phase s e n s i t i v e  detector 
producing a "cosine phase" output  which is p ropor t iona l  t o  t h e  

product  of t h e  i n t e n s i t y  and t h e  phase d i f f e r e n c e  of t h e  incoming 
s i g n a l  a t  t h e  t w o  an tennas .  Thus, t h e  " f r i n g e  amplitude' .  ou tpu t  
is  a measure of t h e  f l u x  of incoming J u p i t e r  or so ia r  r a d i a t i s r ,  
and t h e  "cosine phase" ou tpu t  v a r i e s  s i n u s o i d a l l y  as the ang le  of 
a r r i v a l  t o  t h e  i n t e r f e r o m e t e r  b a s e l i n e  changes due Lo t h e  e a r t h s s  
ro t  a t  i o n .  

Hourly c a l i b r a t i o n s  of t h e  sxs tem are provided by a n  au tomat ic  
c a l i b r a t i o n  u n i t .  Noise from a s e p a r a t e  no i se  gene ra to r  i n  t h e  

c a l i b r a t i o n  u n i t  is  added t o  t h e  s i g n a l s  from each antenna through 
a hybr id  a t  t h e  r e c e i v e r  i n p u t .  The g e n e r a t o r  outplat is  a u t o m a t i c a l l y  
s t epped  through f o u r  no i se  l e v e l s ,  and du r ing  a p o r t i o n  of one 
s t e p  a 90° phase s h i f t  is  i n s e r t e d  i n  t n e  lobe-sweeping rad io-  
meter phase detector reference s i g n a l  t o  cal ibrate  im?,rurnen$al 
phase s h i f t .  

DATA 

The three radiometer  o u t p u t s  a t  each frequency are d i sp layed  

on paper  s t r i p  charts by a s ix-channel  r e c o r d e r .  A data s y s t e m  
which c o n v e r t s  t h e  s i x  ana log  ou tpu t s  t o  d i g i t a l  in format ion  OII 

magnet ic  t a p e  i n  a format convenient f o r  computer process ing  is 
under  test  a t  t h e  Goddard s i t e  and is desc r ibed  i n  Appendix I ,  
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Typica l  s e c t i o n s  of data are i l l u s t r a t e d  i n  F igu re  3 and 4 which 

show a t r a n s i t  of Cass iope ia  A and J u p i t e r ,  r e s p e c t i v e l y ,  From 
t h e  Cassiopeia record, assuming t h e  f l u x  d e n s i t y  from Cass iope ia  
t o  be 4,5x10 -22 W/M /Hz a t  20 MHz (Bazel ian e t  a l ,  1963) and 
csrrec'cing f o r  t h e  fact t h a t  t h e  an tennas  were directed 40° sou th  
of t h e  source ,  one c a n  estimate t h e  s y s t e m  s e n s i t i v i t y  t o  be 

2 

approximately 10 -22 w / M ~ / H ~ .  
Continuous obse rva t ions  began a t  t h e  Goddard s i t e  i n  November, 

1965, w i t h  t h e  remaining s t a t i o n s  i n  t h e  network becoming 
o p e r a t i o n a l  l a t e r  i n  1966. J u p i t e r  measurements a t  t h e  Goddard 
s t a t i o n  have been compiled f o r  t h e  per iod  from November, 1965, 
%hrough February,  1966, and t h e  r e s u l t s  of t h a t  a n a l y s i s  fo l low.  
A;I measurements were made w i t h  t h e  an tennas  set t o  t h e  d e c l i n a t i o n  
c-6 J u p i t e r  and held f i x e d  on t h e  local meridian.  Hence, t h e  
a n a l y s i s  was confined t o  p e r i o d s  between three hours  before t r a n s i t  
t o  three hours  a f te r  t r a n s i t  - t h e  approximate half-power beam 
w i d t h  of t h e  Yagi an tennas .  Fu r the r  c r i t e r i a  r e q u i r e d  t o  i d e n t i f y  
observed e m i s s i o n  t o  be of Jovian  o r i g i n  were an i d e n t i f i a b l e  
i n t e r f e r o m e t e r  lobe p a t t e r n  on t h e  radiometer phase channel  w i t h  

an ampli tude of t h r e e  t i m e s  t h e  r m s  s y s t e m  n o i s e  and freedom from 
r a d i o  frequency i n t e r f e r e n c e .  Useful  o b s e r v a t i o n s  were ob ta ined  
on a t o t a l  of 104 days a t  16.7 MHz and 88 days a t  22.2 MHz w i t h  
an average i n t e r f e r e n c e - f r e e  observing pe r iod  of 5.3 hours  p e r  
day a t  16.7 MHz and 1 .9  hours  per day a t  22.2  MHz. Depending 
upon t h e  degree t o  which t h e  above i d e n t i f i c a t i o n  c r i te r ia  were 
m e t ,  e v e n t s  of J u p i t e r  a c t i v i t y  were c lassi f ied a s  (1) ? v p o s s i b l e ? ? ,  
(2) ??probable", or (3) " d e f i n i t e ? ? .  Only a c t i v i t y  i n  I D  classes 
2 and 3 w a s  used i n  t h e  a n a l y s i s  t o  be d i s c u s s e d  below. 

pe r iod  cen te red  on  local mer id ian  t r a n s i t  of J u p i t e r  was d i v i d e d  
i n t o  5-minute i n t e r v a l s .  Each i n t e r v a l  w a s  i n s p e c t e d  f o r  occurrence  
of i n t e r f e r e n c e  and ,  i f  i n t e r f e r e n c e - f r e e ,  f o r  ev idence  of J u p i t e r  

Data were reduced i n  t h e  fo l lowing  manner. Each six-hour 
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. , " . J  

Figure 3 - Section of record showing the passage of Cassiopeia A 
through the interferometer pattern. The antennas were 
set on the meridian at a declination approximately 
40° south of the declination of the source. 
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Figure 4 - Sample record showing J u p i t e r  a c t i v i t y  a t  both 
f requenc ies .  Strong 1 6 . 7  MHz i n t e r f e r e n c e  obscures  
the  Jupi ter  emiss ion a f t e r  l o c a l  s u n r i s e .  
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a c t i v i t y .  Those n o i s e  e v e n t s  which could  be classed as  d e f i n i t e  
o r  probable J u p i t e r  a c t i v i t y  were scaled t o  g i v e  t he  average and 
peak antenna tempera tures  fo r  each 5-minute i n t e r v a l .  F u r t h e r  
in format ion  such as an  estimate of t h e  number of b u r s t s  and t h e  
t i m e  character o f  t h e  emission i n  each 5-minute i n t e r v a l  was a l so  
noted.  

Appendix I1 of t h i s  report g i v e s  a catalog of t h e  Goddard 
J u p i t e r  obse rva t ions  a t  both  f r equenc ie s  f o r  t h e  period November 
11, 1965 through February 28, 1966. The obse rva t ions  also are 
shown as  a f u n c t i o n  of t h e  System I11 (1957.0) c e n t r a l  meridian 
long i tude  of J u p i t e r  and t h e  depa r tu re  of J u p i t e r ' s  sa te l l i te  Io 
from s u p e r i o r  g e o c e n t r i c  conjunct ion  i n  Figure 5 ,  The t h i n  l i n e s  
show t h e  r e l a t i v e  pos i t i ons  of 1111 and Io f o r  a l l  times when 
useab le  obse rva t ions  of J u p i t e r  could have been ob ta ined ,  and t h e  
heavy so l id  l i n e s  i n d i c a t e  t h e  t i m e s  when a c t i v i t y  was observed 
t o  occur .  Notice t h a t  t h e  t h i n  l i n e s  are not  evenly d i s t r i b u t e d  
over  the  graph ,  i n d i c a t i n g  t h a t  c e r t a i n  combinations of 1111 and 
t h e  p o s i t i o n  of Io have been observed repeatedly whereas f o r  other 
combinat ions obse rva t ions  are inadequate o r  missing e n t i r e l y .  
T h i s  p o i n t s  up t h e  need f o r  cont inuous obse rva t ions  of J u p i t e r .  
A s t a t i s t i c a l l y  adequate  series of measurements cannot  be ob ta ined  
from a s i n g l e  s i t e  i n  a reasonably short  period of t i m e .  

v e r s u s  1111 and t h e  p o s i t i o n  of Io are presented  f o r  our  data i n  
F igu re  6. Occurrence p r o b a b i l i t y  is  s i m p l y  de f ined  as &he number 
of 5-minute i n t e r v a l s  for  a given 5 long i tude  i n t e r v a l  i n  which 

J u p i t e r  a c t i v i t y  was observed d iv ided  by t h e  number of 5-minute 
i n t e r v a l s  of good observ ing  time f o r  t h e  same 'so l ong i tude  i n t e r i a l .  
A t  22.2 MHz t h e  three 1111 "source" r eg ions  are clear ly  d i s c e r n i b l e ;  
a t  16.7 M H z  t h e  main and late sources  ( r eg ions  A and C) t end  t o  
merge i n t o  a s i n g l e  broad region ex tending  from 1111 w 210° t o  
1111 360°. The 1111 histograms i l l u s t r a t e  an i n t e r e s t i n g  r e s u l t  

The more convent iona l  histogram p l o t s  of occurrence p robab i l i t y  

0 
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Figure  5 - Goddard J u p i t e r  obse rva t ions  f o r  t h e  pe r iod  November 
11, 1965, t o  February 28 ,  1966, as  a f u n c t i o n  of t h e  
System I11 (1957.0) c e n t r a l  meridian long i tude  of 
J u p i t e r  (XIII) and t h e  d e p a r t u r e  of J u p i t e r ' s  s a t e l l i t e  
Io from s u p e r i o r  g e o c e n t r i c  con junc t ion  ( long i tude  of 
I o ) .  Pe r iods  when u s e f u l  o b s e r v a t i o n s  could be ob- 
t a ined  a r e  i n d i c a t e d  by t h e  t h i n  l i n e s ;  p e r i o d s  when 
J u p i t e r  a c t i v i t y  was d e t e c t e d  are shown by t h e  heavy 
l i n e s .  



. 

I-- 
-5 

L 

11 

0 

-H 

9 

I 
F! 
N 

- 
I I I 

I 
N 

M 

-I 
J 

I 

AllllEWOUd 32N311Un330 

I --=? 

I 
? 
2 

N 

I I I 

0 
1 c? 

0 - 0 

0 

AllllEWOUd 33N3UUll320 

Figure  6 - Histogram p l o t s  of Jupi ter  a c t i v i t y  occurrence 
probabi l i ty  versus t h e  System I11 (1957.0)  c e n t r a l  
meridian longi tude  of Jup i ter  (XIII) and t h e  departure 
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r ega rd ing  t h e  r a d i o  r o t a t i o n  rate of J u p i t e r .  I f  t h e  System I11 

r o t a t i o n  per iod  lengthed  by approximately 1 second i n  1961 as  
r e p o r t e d  by t h e  Yale and F l o r i d a  workers (DouglQs and Smith, 
1963; Smith e t  a l ,  1965) ,  t hen  f e a t u r e s  on t h e  h is tograms such 
a s  t h e  n u l l  r eg ion  between t h e  e a r l y  and main sources  or t h e  peak 
of t h e  main source should advance i n  1111 (1957.0) by about l oo  
pe r  year. On t h i s  b a s i s ,  our 22.2 MHz data f o r  t h e  31965 a p p a r i t i o n  
should show t h e  main source  peak t o  be nea r  1111 = 270°. The peak 
occurs i n s t e a d  a t  1111 w 255O. 
is s i m i l a r l y  l o c a t e d  t h e  o r d e r  of l oo  below t h e  p o s i t i o n  p r e d i c t e d  
on t h e  b a s i s  of a 1 second change i n  t h e  r o t a t i o n  pe r iod .  The 
occurrence p r o b a b i l i t y  minimum between t h e  ea r ly  and main  source  
r eg ions  w a s  l o c a t e d  nea r  1111 = 180' i n  1961 and ,  on t h e  b a s i s  of 
a loo s h i f t  pe r  year ,  t h e  minimum would be expected t o  f a l l  nea r  
220° i n  1965. 
t h a t  t h i s  fea ture  must occur  below 205O. 
i n  t h e  r o t a t i o n  ra te  i n  t h e  oppos i t e  d i r e c t i o n  t o  t h a t  r e p o r t e d  
by t h e  Yale and F l o r i d a  workers must have occurred  betwee3 1963 and 
1965. Dulk (1965a) has  reached a s i m i l a r  conc lus ion  from a n a l y s i s  
of HA0 data .  Gulk is  and Carr (1966) have p resen ted  evidence t h a t  

t h e  apparent  ro t a t ion  per iod  d r i f t s  c y c l i c a l l y  about  a eonsta.nt 
mean pe r iod  w i t h  a d r i f t  pe r iod  of 11.9 y e a r s .  Our r e s u l t s  would 
be  q u a l i t a t i v e l y  c o n s i s t e n t  w i t h  t h a t  hypo thes i s ,  

Although t h e r e  are his togram peaks when Io is  nea r  90 and 
240" from s u p e r i o r  g e o c e n t r i c  conjunct ion, ,  t h e y  do not  domia;ate 
as one might have expected from t h e  r e s u l t s  of o the r  workers 
(Dulk, 1965b; Lebo e t  a l ,  1965) .  A t  22.2 MHz t h i s  d i screpancy  
may be a t t r i b u t a b l e  t o  t h e  r a t h e r  poor obse rv ing  s t a t i s t i c s  and ,  
a t  16.7 MHz, t o  t h e  f u r t h e r  f a c t  t h a t  t h e  Io c o n t r o l  is not  as  
s t r o n g  a t  t he  lower f r equenc ie s .  

w e  have p l o t t e d  t h e  dependence of occur rence  p r o b a b i l i t y  on t h e  

System 111 longi tude  of Io. One can see a t  0nce t h a t  t h e  

The main source  peak a t  16 .7  MHz 

The Coddard s t a t i o n  d a t a  i n  F igu re  6 i n d i c a t e  
In  o t h e r  words, a change 

8 

Figure  7 is a s l i g h t l y  d i f f e r e n t  form of his togram i n  whikh 
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Figure 7 - Histogram plot of occurrence probability as a function 
of the System I11 (1957.0) longitude Io. 
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p r o b a b i l i t y  of occurrence is a maximum when Io is n e a r  
190°<A III<2OO0, t h e  long i tude  of J u p i t e r ' s  magnetic po le .  
o t h e r  words, t h e  p r o b a b i l i t y  of d e t e c t i n g  emission is  g r e a t e s t  
when Io is a t  t h e  p o s i t i o n  i n  its o r b i t  where its nor th  magnetic 
l a t i t u d e  is  g r e a t e s t .  A t  bo th  f r e q u e n c i e s  t h e  occurrence 
p r o b a b i l i t y  has a minimum n e a r l y  180° away from t h e  maximum 
a t  AIII 20'. 

In  



ACKNOWLEDGEMENTS 

The J u p i t e r  Monitor radiometer s y s t e m  w a s  designed and b u i l t  
under t h e  d i r e u t i o n  of  D r .  J.  N. Douglas of t h e  Univers i ty  of Texas 
and M r .  Richard Boynton of Space E l e c t r o n i c s ,  Inc.  The d a t a  s y s t e m  

desc r ibed  i n  Appendix I w a s  designed and b u i l t  under t h e  d i r e c t i o n  
of M r .  W i l l i a m  Olden of t h e  Advanced Development Div is ion .  The 

d a t a  catalog i n  Appendix I1 w a s  compiled by M r s .  H. H. Mali tson 
from d a t a  sQa led  by M r .  W. W i l l i a m s .  These c o n t r i b u t i o n s  are 
a l l  g r a t e f u l l y  acknowledged. 



REFERENCES 

I ,  Bazelian, L. L. ef al, IVUZ Radiofizika 6, 897 (1963). - 

Douglas, J. N. and Smith, H. J., Nature, 199, 1080 (1963). - 

Dulk, G. A . ,  a. NCAR Cooperative Thesis No. 1, University of 
Colorado, Boulder, Colorado (1965), b. Science 148, 
1585 (1965). 

- 

Lebo, G. R., Smith, A .  G., Carr, T. D., Science 148, 1742 (1965). - 

Gulkis, S . ,  and Carr, T. D., Science 154, 257 (1966). - 
Smith, A.  G., Wbo, G, R., Six, N. F., Carr, T. D., Bsllagen, 

H., May, J., and Levy, J., Ap. J. - 141, 457 (1965). 



APPENDIX I 

The data produced when a l l  f i v e  s t a t i o n s  are f u l l y  o p e r a t i o n a l  
w i l l  be s u f f i c i e n t l y  voluminous a s  t o  make completely manual 
r educ t ion  procedures  i m p r a c t i c a l .  I t  w i l l  be desireable,  
fur thermore ,  t o  compare p o r t i o n s  of t h e  data w i t h  similar measure- 
ments ob ta ined  from sa te l l i t e  experiments such as t h e  Radio Astronomy 
Explorer .  For these reasons ,  a d a t a  r eco rd ing  s y s t e m  has  been 
designed which w i l l  p lace  t h e  data on a t a p e  s u i t a b l e  f o r  direct  
computer process ipg .  All s t a t i o n s  are expected t o  have *he new 
data system by e a r l y  1967. 

f e d  t o  s i x  i n t e g r a t i n g  d i g i t a l  vo l tme te r s  where t h e y  are i n t e g r a t e d  
over  a samlp* pe r iod  of either 4 or 10 sec. 
sample pe r iod  t o  be used,  t he  in s t an taneous  va lue  of t h e  "cosine 
phase" o u t p u t  and " f r inge  amplitude" ou tpu t  of each radiometer 
is compared w i t h  i ts average va lue  of the previous  f i v e  seconds 
us ing  a d i f f e r e n t i a l  a m p l i f i e r .  If t h e  r e s p e c t i v e  d i f f e rence  
v o l t a g e  is  g r e a t e r  t han  a p r e s e t  amount, t h e  h igh  speed ra te  is 
i n i t i a t e d .  Low speed sampling is  i n i t i a t e d  when t h e  v a l u e s  do 

not  d i f f e r  by more than  t h e  preset  amount. 

v o l t m e t e r s ,  t e n  c h a r a c t e r s  from a t i m e  s t a n d a r d  decoder and t w o  
I D  characters are formed i n t o  a data frame by a swi tch ing  ma t r ix .  
Each 36 character frame is recorded on magnetic t a p e  a t  t h e  end 
of each  sample per iod .  A t  t h e  end of 32 frames, an i n t e r f i l e  gap 
is gene ra t ed  t o  main ta in  IBM c o m p a t i b i l i t y .  

C a l i b r a t i o n  of t h e  u n i t  is done each day by t h e  s t a t i o n  
o p e r a t o r .  All i n t e g r a t i n g  vo l tme te r s  are set t o  a known p r e s e t  
v o l t a g e ,  and t h e  v a l u e s  p laced  on t a p e  are read o u t  f o r  a %ix ie"  
d i s p l a y  so t h e  operator can make a quick  check of t h e  sys t em 
o p e r a t i o n .  

The three ana log  o u t p u t s  of each radiometer s y s t e m  are first 

To determine t h e  

Four characters from each of t h e  s i x  i n t e g r a t i n g  d i g i t a l  



APPENDIX I1 

J u p i t e r  obse rva t ions  a t  t h e  Goddard Space F l i g h t  Center  
s t a t i o n  f o r  t h e  1965 a p p a r i t i o n  are l i s t e d  i n  t h e  c a t a l o g  t o  
fo l low.  Data are presented  i n  t e r m s  of U.T. days.  The column 
labeled "Observing Period" lists t h e  i n t e r v a l s  dur ing  each day 

when J u p i t e r  w a s  w i th in  three hours  of meridian t r a n s i t ,  when t h e  

r e c e i v i n g  equipment was known t o  be working p rope r ly ,  and when 
no i n t e r f e r e n c e  s i g n a l s  were known t o  be p r e s e n t .  The "Observing 
Period",  therefore ,  is t h e  t i m e  when u s e f u l  obse rva t ions  of 
J u p i t e r  could have been recorded i f  J u p i t e r  had been a c t i v e .  
The column labeled " J u p i t e r  A c t i v i t y "  lists t h e  i n t e r v a l s  du r ing  
each observ ing  per iod  when J u p i t e r  a c t i v i t y  w a s  observed w i t h  

an i n t e n s i t y  g r e a t e r  t han  -3~10-~'W/M /Hz and which could  be 2 

c lass i f ied  a s  (2) probabAe or  (3) c e r t a i n .  The column labeled 
g i v e s  t h e  average va lue  of t h e  maximum e f f e c t i v e  antenna Tamax 

temperature  a t  t h e  i n p u t  t o  t h e  r e c e i v e r  du r ing  each five-minute 
i n t e r v a l  of a c t i v i t y .  Ta is i n  u n i t s  of 1 0 3 0 K .  
antenna tempera ture ,  one must correct for  cable losses (approximately 
15 db a t  16.7 MHz and 18 db a t  22.2 MHz) and mismatch between 
t h e  antenna and r e c e i v e r .  Except ions t o  t h e  above d e f i n i t i o n s  
are cited i n  t h e  "Notes" column. 

To g e t  t h e  a c t u a l  
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NOTES 

1 .  Clear ly  i d e n t i f i a b l e  Jupi ter  storm observed beyond the  
h nominal observing per iod cut-off  of H . A .  = + 3 . - 

2 .  Unusually i n t e n g e ,  long duration storm. 

3 .  Ta not  s c a l e d  due to  minor recorder problem. 


